TITLE QF THE INVENTION 
PERIODIC SIGNAL CONTROLLER 
BACKGROUND QF THE I NVENTION 

The present Invention relates to a periodic signal 
controller for generating a periodic AC output signal 
synchronized with a periodic AC input signal and a 
frequency detection device suitable for use in the 
periodic signal controller. More specifically, the 
invention relates to a periodic signal controller that can 
synchronize or unsynchronize the AC output signal with the 
AC input signal at a frequency variation rate not exceeding 
a fixed frequency variation rate. 

For control over inverters in uninterruptible power 
supply devices or the like, a technique for generating an 
AC output signal synchronized with an AC input signal is 
employed. As described in * PLL (Phase-Locked Loop) 
Applied Circuit' by Takeshi Yanagisawa, pp. 28-36, for 
example, the periodic signal controller of a so-called 
digital phase- locked loop type is known. In this device, 
the AC input signal is pulsed by a zero-cross comparator, 
and pulse width comparison is made by a counter, thereby 
detecting a phase difference between the AC input and 
output signals and a frequency of the AC output signal. 
Then, the AC output signal synchronized with the AC input 
signal is output. In the "PLL Applied Circuit", pp.5- 
26 also discloses the periodic signal controller of an 
analog PLL type. In this device, a phase difference 
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between AC Input and output signals Is determined from a 
product of the AC input signal by the AC output signal. 
Then, the frequency of an AC output voltage Is determined 
from a signal Indicating this phase difference, so that 
the AC output voltage synchronized with the AC Input signal 
Is output . 

Japanese Patent No. 3235651 discloses the periodic 
signal controller of the PLL type with Its frequency 
variation rate not exceeding a fixed value. The technique 
described In the Japanese Patent No. 3235651 constitutes 
a PLL structure based on the frequency detection device 
described In Japanese Patent No. 30530002. This PLL 
structure has following features: 

1) The PLL structure Is of a two-stage analog PLL 
structure. In a first-stage PLL, a frequency difference 
between an AC Input signal and a reference frequency Is 
determined. The frequency difference Is not between the 
AC Input signal and an AC output signal. This frequency 
difference Is determined from an Integral element output 
under a proportional-Integral (PI) control. Since the 
frequency difference Is determined from the integral 
element output. Instantaneous frequency values are not 
processed. 

2) The frequency variation rate is set by inputting 
a frequency difference detection signal indicating this 
frequency difference to a second-stage PLL and then 
passing the signal through a llmiter. When the frequency 
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of the AC input signal has varied during synchronization, 
the signal Indicating the frequency difference between the 
AC Input signal and the reference frequency Is Input to 
the second-stage PLL , so that the AC output signal follows 
the AC Input signal at the frequency variation rate not 
exceeding the fixed frequency variation rate. 

In the periodic signal controller of the digital PLL 
type, the zero-cross comparator is employed. Thus, the 
device is greatly vulnerable to noise near zero cross 
points. When this periodic signal controller of the 
digital PLL type is employed for the uninterruptible power 
supply device, the periodic signal controller often 
malfunctions in an environment with comparatively poor 
quality of power. On the other hand, the periodic signal 
controller of the analog PLL type is comparatively Immune 
to noise or is not readily affected by noise, because the 
controller uses analog signal values. However, designing 
the controller to achieve a high gain is difficult. 
Further, it was difficult to readily set the frequency 
variation rate. 

In the technique using the PLLs, described in the 
Japanese Patent No. 3235651, the periodic signal 
controller is comparatively immune to noise and can 
readily set the frequency variation rate. However, this 
controller has following problems: 

1) Since the frequency difference detection signal 
is determined from the output under the PI control, it took 
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much time for the periodic signal controller to be brought 
to a steady state. For this reason, it also took much 
time until the periodic signal controller became able to 
start to attain synchronization . 

2) If a harmonic voltage was included in the AC input 
voltage, the controller was sometimes affected by the 
harmonic voltage . 

3) Since an instantaneous frequency difference 
detection signal indicating an instant.aneous input and 
output frequency difference was not determined, there were 
some points at which attaining synchronization was 
difficult . 

Further, for detection of frequency anomaly or 
undesirable frequency variation, when the periodic 
signal controller of the analog PLL type was employed, 
an additional frequency anomaly detection circuit had 
to be provided, in addition to the periodic signal 
controller. Moreover, in the periodic signal 
controller of the two-stage analog PLL structure, it 
takes much time for the controller to be brought into 
the steady state. In addition, if the harmonic voltage 
was included in the AC input signal, a result of frequency 
anomaly detection was sometimes affected. 

SUMMARY QF T H E I NVENTION 
The present invention has been therefore made to solve 
the above-mentioned problems. It is therefore an object 
of the present invention to provide a periodic signal 
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controller that can generate a sine-wave AC output signal 
synchronized with an AC input signal even if the AC input 
signal includes a harmonic voltage. 

Another object of the present invention is to provide 
a periodic signal controller that can synchronize an AC 
output signal with an AC input signal at high speed, 
without being affected by noise and harmonics. 

Still another object of the present invention is to 
provide a frequency detection device that can 
instantaneously detect a frequency of a signal, without 
being affected by noise and harmonics. 

The present invention aims at improvement of a 
periodic signal controller for generating a periodic AC 
output signal synchronized with a periodic AC input signal . 
The periodic signal controller according to the present 
invention basically includes a first sine-wave signal 
generation circuit, a first phase difference detection 
circuit, a second sine-wave signal generation circuit, a 
second phase difference detection circuit, a frequency 
difference detection circuit, an adder circuit, and a 
frequency variation rate limiter circuit. The first 
sine-wave signal generation circuit outputs a first 
sine-wave signal with its frequency varied according to 
a first command signal. The first phase difference 
detection circuit detects a phase difference between the 
AC input signal and the first sine-wave signal output from 
the first sine-wave signal detection circuit and then 
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outputs the first command signal Indicating the phase 
difference. The second sine-wave signal generation 
circuit outputs a second sine-wave signal as the AC output 
signal. The frequency of the second sine-wave signal is 
varied according to a second command signal. The second 
phase difference detection circuit detects a phase 
difference between the first sine-wave signal output from 
the first sine-wave signal generation circuit and the 
second sine-wave signal output from the second sine-wave 
signal generation circuit and then outputs a phase 
difference detection signal indicating the phase 
difference. The frequency difference detection circuit 
detects a frequency difference between the first sine- 
wave signal output from the first sine-wave signal 
generation circuit and the second sine-wave signal output 
from the second sine-wave signal generation circuit and 
then outputs a frequency difference detection signal 
indicating the frequency difference. The adder circuit 
adds the phase difference detection signal output from the 
second phase difference detection circuit to the frequency 
difference detection signal output from the frequency 
difference detection circuit. The frequency variation 
rate limiter circuit receives the output of the adder 
circuit and outputs to the second sine-wave signal 
generation circuit the second command signal for limiting 
a frequency variation rate of the second sine-wave signal 
to a fixed value or less and synchronizing the second 
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sine-wave signal to the AC input signal. The present 
invention is characterized in that the first phase 
difference detection circuit and the first sine-wave 
signal generation circuit constitute a phase-locked loop. 
Since this phase-locked loop processes instantaneous 
values, it can make fast response. Thus, even if the AC 
input signal includes a harmonic voltage , the phase- locked 
loop follows the AC input signal, thereby allowing 
generation of a sine-wave AC output signal synchronized 
with the AC input signal. The output of the phase-locked 
loop or the output of the first sine-wave signal generation 
circuit (first sine-wave signal) constitutes a 
fundamental component of the AC input signal. 
Accordingly, if an Instantaneous frequency difference 
between the AC output signal (second sine-wave signal) and 
the first sine-wave signal that constitutes the 
fundamental component of the AC input signal is determined 
by the frequency difference detection circuit, the 
frequency difference detection signal indicating the 
instantaneous frequency difference is added to the phase 
difference detection signal output from the second phase 
difference detection circuit, and then the second command 
signal is output from the frequency variation rate limiter 
circuit based on the signal indicating the sum of the 
frequency difference detection signal and the phase 
difference detection signal, synchronization can be 
attained at high speed, without being affected by noise 
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and harmonics. 

When a basic structure of this controller is applied 
to a periodic signal controller for generating a periodic 
single-phase AC output signal synchronized with a periodic 
single-phase AC input signal, the periodic signal 
controller can be varied as including a first sine-wave 
and cosine-wave signal generation circuit, the first phase 
difference detection circuit, a second sine-wave and 
cosine-wave signal generation circuit, a frequency 
difference detection circuit, a second phase difference 
detection circuit, the adder, and the frequency variation 
rate limiter circuit. The first sine-wave and cosine- 
wave signal generation circuit outputs a first sine-wave 
signal and a first cosine-wave signal with their 
respective frequencies varied according to a first command 
signal. The first phase difference detection circuit 
comprises a multiplier for multiplying the AC input signal 
by the first cosine-wave signal output from the first 
sine-wave and cosine-wave signal generation circuit and 
a low-pass filter for removing from the output of the 
multiplier a frequency component having an angular 
frequency twice the angular frequency of the single-phase 
AC input signal. The first phase difference detection 
circuit detects a phase difference between the single- 
phase AC input signal and the first sine-wave signal and 
then outputs the first command signal indicating the phase 
difference. The second sine-wave and cosine-wave signal 
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generation circuit generates a second sine-wave signal and 
a second cosine-wave signal with their respective 
frequencies varied according to a second command signal 
and outputs the second sine-wave signal as the single- 
phase AC output signal. The frequency difference 
detection circuit computes a frequency difference between 
the AC input signal and the AC output signal from 
instantaneous values of the first sine-wave and 
cosine-wave signals output from the first sine-wave and 
cosine-wave signal generation circuit and the second 
sine-wave and cosine-wave signals output from the second 
sine-wave and cosine-wave signal generation circuit, and 
outputs a frequency difference detection signal 
indicating the frequency difference. The second phase 
difference detection circuit receives the instantaneous 
values of the first sine-wave and. cosine-wave signals 
output from the first sine-wave and cosine-wave signal 
generation circuit and the second sine-wave and 
cosine-wave signals output from the second sine-wave and 
cosine-wave signal generation circuit, computes a phase 
difference between the first sine-wave signal and the 
second sine- wave signal, and then outputs a frequency 
difference detection signal indicating the frequency 
difference. The adder circuit adds the phase difference 
detection signal output from the second phase difference 
detection circuit to the frequency difference detection 
signal output from the frequency difference detection 
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circuit. The frequency variation rate limiter circuit 
receives the output of the adder circuit and outputs to 
the second sine-wave and cosine-wave signal generation 
circuit the second command signal for limiting the 
frequency variation rate of the second sine-wave signal 
to a fixed value or less and synchronizing the second 
sine-wave signal to the AC input signal. In this case as 
well, the first phase difference detection circuit and the 
first sine-wave and cosine-wave signal generation circuit 
constitute the phase-locked loop. 

When the present invention is applied to a periodic 
signal controller for generating periodic three-phase AC 
output signals synchronized with periodic three-phase AC 
input signals, the periodic signal controller includes a 
three-to-two phase transformation circuit for converting 
the three-phase AC input signals to two phase signals, a 
first sine-wave and cosine-wave signal generation circuit , 
a first phase difference detection circuit, a second 
sine-wave and cosine-wave signal generation circuit, a 
frequency difference detection circuit, a second phase 
difference detection circuit, the adder circuit, and the 
frequency variation rate limiter circuit. This periodic 
signal controller is different from the variation of the 
periodic signal controller described above in that the 
first phase difference detection circuit uses the output 
of the three-to-two phase transformation circuit instead 
of the AC input signal, the second sine-wave and 
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cosine-wave signal generation circuit generates the 
three-phase AC output signal with its frequency varied 
according to the second command signal, and the first phase 
difference detection circuit detects a phase difference 
between a phase- transformed sine-wave signal and the first 
sine-wave signal based on the instantaneous values of the 
first sine-wave and cosine-wave signals output from the 
first sine-wave and cosine-wave generation circuit and 
phase- transformed sine-wave and cosine-wave signals 
output from the three-to- two phase transformation circuit . 
Structures of other circuits are substantially the same 
as in the variation of the periodic signal controller as 
described above. 

In either case, preferably the periodic signal 
controller further includes a frequency anomaly detection 
circuit for determining whether a frequency of an AC input 
signal has an anomaly and a switching circuit for 
preventing the output of the adder circuit from being input 
to the frequency variation rate limiter circuit and 
causing the frequency variation rate limiter circuit to 
output a forcing command signal for forcibly limiting the 
frequency variation rate of the second sine-wave signal 
to a fixed value or less when the frequency anomaly 
detection circuit detects the frequency anomaly. If 
these circuits are additionally included, when a frequency 
anomaly in the AC input signal has occurred, 
synchronization will not be performed. Thus, the 
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periodic signal controller can output an AC output signal, 
without being affected by the frequency anomaly In the AC 
Input signal. 

In this case, the frequency variation rate llmlter 
circuit can be constituted by a llmlter for limiting the 
amount of frequency variation required for 
synchronization to a predetermined upper value and an 
integrator for Integrating the output of the llmlter, 
thereby outputtlng a frequency value required for the 
synchronization. The frequency anomaly detection 
circuit can include a determination circuit for comparing 
the sum of the frequency value output from the Integrator 
and a reference frequency for the AC input signal with a 
predetermined reference value for frequency anomaly 
detection, and determining a frequency anomaly if the 
value of the sum exceeds the predetermined reference value 
for frequency anomaly detection. With this circuit 
structure, the frequency anomaly in an AC input signal can 
be readily detected. 

The frequency anomaly detection circuit can Include 
an input frequency detection circuit and a determination 
circuit. The input frequency detection circuit receives 
the first sine-wave and cosine-wave signals output from 
the first sine-wave and cosine-wave signal generation 
circuit , and then computes an input frequency f ( * f ^ ) based 
on a formula of 

f3= { sin ( C03-t„) cos ((03-t„.i) -cos (co^tn) -sine (co3-t„.J )/2Kt^ 
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where indicates an nth sampling time, t„.i indicates an 
(n-l)th sampling time, an angular frequency cOg indicates 
23rcfa, in which fg indicates the frequency of each of the 
first sine-wave signal and the first cosine-wave signal 
output from the first sine-wave and cosine-wave signal 
generation circuit, and t^ indicates a sampling period of 
time on an assumption that the input signal of the first 
sine-wave and cosine-wave signal generation circuit is 
synchronized with the output signal of the first sine- 
wave and cosine-wave signal generation circuit at high 
speed. The determination circuit compares the input 
frequency determined by the input frequency detection 
circuit with a predetermined reference value for frequency 
anomaly detection to determine the frequency anomaly when 
the input frequency exceeds the predetermined reference 
value for frequency anomaly detection. The input 
frequency detection circuit and the first sine-wave and 
cosine-wave signal generation circuit for generating 
sine-wave and cosine-wave signals synchronized with an AC 
input signal to be measured can constitute a frequency 
detection device or circuit. This frequency detection 
device or circuit can perform instantaneous frequency 
detection without being affected by noise and harmonics. 

The periodic signal controller of the present 
invention is immune to noise, can stably synchronize an 
AC output signal with an AC input signal even if the AC 
input signal includes a harmonic voltage, and can 
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synchronously follows at a frequency variation rate not 
exceeding a fixed frequency variation rate even if an input 
frequency has been varied. Further, the periodic signal 
controller of the present invention can synchronize an AC 
output signal with an AC input signal from an 
uiisynchronized state at high speed and at a frequency 
variation rate not exceeding the fixed frequency variation 
rate. When an AC output signal gets out of synchronization 
or unsynchronized as well, the frequency of the AC output 
signal can be adjusted to be a predetermined frequency at 
a frequency variation rate not exceeding the fixed 
frequency variation rate» Further, without the need of 
adding a complex and expensive frequency anomaly detection 
circuit, an input frequency anomaly can be readily 
detected at high speed. In addition, a frequency 
detection device that is comparatively immune to noise and 
the harmonic voltage can also be obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and further features of the 
present invention will be apparent from the following 
detailed description when read in conjunction with the 
accompanying drawings . 

Fig. 1 is a block diagram showing a basic structure 
of a periodic signal controller according to a first 
embodiment of the present invention; 

Fig. 2 is a graph showing the relationship among a 
phase difference, a frequency, and time when 
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synchronization is to be attained by using a phase 
difference detection signal alone, without using a 
frequency difference detection signal; 

Fig. 3 is a graph employed for description about an 
operation of the periodic signal controller in Fig. 1, 
showing the relationship among the frequency, phase 
difference, and time; 

Fig. 4 is a block diagram showing an example of a 
frequency anomaly detection circuit; 

Fig. 5 is a block diagram showing another example of 
the frequency anomaly detection circuit; 

Fig. 6 is a block diagram showing a structure of a 
periodic signal controller according to a second 
embodiment of the present invention; and 

Fig. 7 is a block diagram showing a structure of a 
periodic signal controller according to a third embodiment 
of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED' EMBODIMENTS 

Embodiments of the present invention will be 
described in detail with reference to the appended 
drawings. 

Fig. 1 is a block diagram showing a basic structure 
of a periodic signal controller according to a first 
embodiment of the present invention. The periodic signal 
controller includes a first phase difference detection 
circuit l,.a first sine-wave signal generation circuit 2, 
a second phase difference detection circuit 3, a frequency 
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difference detection circuit 4, an adder circuit 5, a 
frequency variation rate limiter circuit 8, and a second 
sine-wave signal generation circuit 9, The first phase 
difference detection circuit 1 detects a phase difference 
between an AC input signal and a first sine-wave signal 
output from the first sine-wave signal generation circuit 
2, and outputs a first command signal indicating the phase 
difference. The first sine-wave signal generation 
circuit 2 outputs the first sine-wave signal with its 
frequency varied according to the first command signal. 
As will be described later in detail, the first phase 
difference detection circuit 1 and the first sine-wave 
signal generation circuit 2 constitute a PLL (phase-locked 
loop) that processes instantaneous values. 

The second sine-wave signal generation circuit 9 
outputs a second sine-wave signal with its frequency 
varied according to a second command signal that will be 
described later. The second phase difference detection 
circuit 3 detects a phase difference between the first 
sine-wave signal output from the first sine-wave signal 
generation circuit 2 and the second sine-wave signal 
output from the second sine-wave signal generation circuit 
9, and outputs a phase difference detection signal 
indicating the phase difference. The frequency 
difference detection circuit 4 detects a frequency 
difference between the first sine-wave signal output from 
the first sine-wave signal generation circuit 2 and the 
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second sine-wave signal output from the second sine-wave 
signal generation circuit 9, and outputs a frequency 
difference detection signal indicating the frequency 
difference. The adder circuit 5 adds the phase difference 
detection signal output from the second phase difference 
detection circuit 3 to the frequency difference detection 
signal output from the frequency difference detection 
circuit 4. The frequency variation rate limiter circuit 
8 is constituted by a limiter 6 and an integrator 7, which 
will be described later. The frequency variation rate 
limiter circuit 8 receives an output of the adder circuit 
5 and outputs the second command signal to the second 
sine-wave signal generation circuit 9. The second 
command signal serves to limit a frequency variation rate 
of the second sine-wave signal or AC output signal to a 
fixed value or less and synchronize the second sine-wave 
signal or AC output signal with the AC input signal. 

The periodic signal controller in this embodiment is 
comparatively immune to noise, and can readily set the 
frequency variation rate. An operation of the periodic 
signal controller in this embodiment will be described. 
First, the phase difference between the AC input signal 
and the first sine -wave signal output from the first 
sine-wave signal generation circuit 2, indicated by the 
first command signal, is determined by the first phase 
difference detection circuit 1. Then, the output of the 
first phase difference detection circuit 1 or first 
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command signal Is Input to the first sine-wave signal 
generation circuit 2. In the first sine-wave signal 
generation circuit 2, the frequency of the first sine- 
wave signal to be output is varied according to the first 
command signal, and the first sine-wave signal is output 
so that the phase difference from the AC input signal is 
eliminated. The sine-wave signal synchronized with the 
AC input signal is thereby obtained. There is no upper 
limit of the frequency variation rate to the frequency of 
the first sine-wave signal generated from the first 
sine-wave signal generation circuit 2- Thus, by 
increasing a frequency variable range, synchronization 
with the AC input signal is attained at high speed. While 
being synchronized with the AC input signal, the frequency 
of the first sine-wave signal obtained from the first 
sine-wave signal generation circuit 2 is the same as the 
frequency of the AC input signal, but the amplitude of the 
first sine-wave signal is Independent of the AC input 
signal. The phase difference between the first sine-wave 
signal output from the first sine-wave signal generation 
circuit 2 and the second sine -wave signal output from the 
second sine-wave signal generation circuit 9 is determined 
by the second phase difference detection circuit 3. The 
frequency difference between the first sine-wave signal 
output from the first sine-wave signal generation circuit 
2 and the second sine-wave signal output from the second 
sine-wave signal generation circuit 9 is determined by the 
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frequency difference detection circuit 4. If the 
amplitude of the first sine-wave signal output from the 
first sine-wave signal generation circuit 2 and the 
amplitude of the second sine-wave signal output from the 
second sine-wave signal generation circuit 9 are the same, 
the frequency difference can be detected with high 
accuracy, which will be described later. For this reason, 
in this embodiment, instead of directly using the AC input 
signal with its amplitude varied, an output signal of the 
first sine-wave signal generation circuit 2 or the first 
sine-wave signal synchronized with the AC input signal 
with a constant amplitude is employed. If the amplitude 
of the AC input signal is constant, the AC input signal 
may be input to the second phase difference detection 
circuit 3, without using the output of the first sine- 
wave signal generation circuit 2. 

The output of the second phase difference detection 
circuit 3 is added to the output of the frequency 
difference detection circuit 4 by the adder circuit 5, and 
is input to the second sine-wave signal generation circuit 
9 via the limiter 6 and the integrator ?• A frequency 
variation of the second sine-wave signal output from the 
second sine-wave signal generation circuit 9 or AC output 
signal is limited by the limiter 6 . An input to the limiter 
6 indicates an amount of frequency variation or the 
frequency variation rate required for synchronization of 
the AC output signal with the AC input signal. The 
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correlation among a phase, the frequency, and the 
frequency variation rate of an AC signal is similar to that 
among a position , a rate , and an acceleration of the signal . 
The frequency variation rate is obtained by frequency 
differentiation. In other words, an upper limit is 
imposed on the amount of frequency variation or the 
frequency variation rate by the limiter 6, and the amount 
of frequency variation on which the upper limit has been 
imposed is converted to a frequency value required for 
synchronization, indicated by the second command signal, 
by the integrator 7. 

The second sine-wave signal is output from the second 
sine-wave signal generation circuit 9 according to the 
frequency value supplied from the integrator 7. Now, 
assume a case where only the phase difference detection 
signal output from the second phase difference detection 
circuit 3 is input to the second sine-wave signal 
generation circuit 9 via the limiter 6 and the integrator 
7, thereby outputting the second sine-wave signal. Fig. 
2 shows the relationship among a phase difference 0, a 
frequency f , and time when synchronization is to be 
attained using the phase difference detection signal alone, 
without using the frequency difference detection signal. 
More specifically. Fig. 2 shows the case where 
synchronization is to be attained from a state in which 
the input signal is equal to the output signal, with their 
phase difference <|) being Jt/2, and their frequency f being 
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fO. In this case, the relationship between the phase 
difference and an output frequency is as shown in Fig. 2, 
due to the existence of the integrator 7 . When the phase 
difference <|) has become zero, the frequency f increases 
to a maximum, so that synchronization becomes difficult 
to attain. Next, assume a case where the integrator 7 
disposed to an output side of the limiter 6 is not employed, 
though a sum of the phase difference detection signal and 
the frequency difference detection signal is input to the 
limiter 6. In this case, when the frequency of the AC input 
signal has become equal to or larger than a value obtained 
by adding a reference frequency to an upper limit value 
of the amount of frequency variation defined by the limiter 
6, synchronization becomes impossible. For this reason, 
the integrator 7 becomes essential. In other words, if 
a relation of output frequency ^ reference frequency + 
limiter value < input frequency holds , synchronization 
cannot be performed. More specifically, when 
synchronization is to be attained using the integrator 7, 
the relationship among the phase difference, frequency, 
and time needs to be as shown in Fig. 3. The relationship 
between the frequency variation rate and the frequency 
should be the relationship of differentiation or 
integration. In order to obtain a variation of the 
frequency f in Fig. 3, the frequency variation rate must 
be changed, as shown by a dotted curve in Fig. 3, which 
indicates differentiated values of the frequency. This 



21 



dotted locus can be obtained from addition of the phase 
difference (j) to a frequency difference Af . For this reason , 
the sum of the phase difference detection signal 
indicating the phase difference ^ and the frequency 
difference detection signal indicating the frequency 

difference Af done by the adder circuit 5 is input to the 
limiter 6 shown in Fig. 1. 

If the periodic signal controller is constructed as 
shown in Fig. 1, synchronization can be at tained . However, 
if a frequency anomaly has occurred in the AC input signal, 
the AC output signal cannot get out of synchronization or 
be unsynchronized. In order to unsynchronize the AC 
output signal, addition of a circuit as shown in Fig. 4 
is necessary. The circuit shown in Fig. 4 includes a 
frequency anomaly detection circuit 10 for determining 
whether or not the frequency of the AC input signal has 
an anomaly and a switching circuit 11. The switching 
circuit 11 prevents the output of the adder circuit 5 from 
being input to the frequency variation rate limiter 
circuit 8 and causes the frequency variation rate limiter 
circuit 8 to output a forcing command signal as the second 
command signal for gradually matching the frequency of the 
second sine-wave signal to the predetermined reference 
frequency fO. The frequency anomaly detection circuit 10 
in this embodiment includes a determination circuit 10a. 
The determination circuit 10a compares the sum of the 
frequency value output from the integrator 7 and the 
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reference frequency fO for the AC input signal with a 
predetermined reference value for frequency anomaly 
detection, thereby determining that the frequency anomaly 
has occurred when the sum exceeds the predetermined 
reference value for frequency anomaly detection. The 
second sine-wave signal generation circuit 9 includes an 
adder 9a for adding the frequency value output from the 
integrator 7 to the reference frequency f 0 for the AC input 
signal, a counter 9b for receiving the sum output from the 
adder 9a to perform counting, and a table 9c that stores 
sine-wave signal amplitude values associated with 
addresses output from the counter 9b. The table 9c outputs 
stored amplitude values one by one according to a count 
from the counter 9b, thereby outputting the sine-wave 
signal. If the AC input signal is a three-phase AC signal, 
the table 9c stores amplitude values of a cosine-wave 
signal and AC signals of three phases. In this case, one 
of the AC signals of the three phases becomes the sine-wave 
signal. The switching circuit 11 in this embodiment is 
constituted by a signal switching circuit 12 and a feedback 
loop 13 having a "-l" gain. 

The switching circuit 11 outputs the forcing command 
signal as the second command signal for gradually matching 
a current output frequency f x { f x = Afx + fO) to the 
reference frequency f 0 at the frequency variation rate not 
exceeding the predetermined frequency variation rate. 
The sum of the output of the integrator 7 and the reference 
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frequency f 0 indicates the output frequency of the second 
sine-wave signal generation circuit 9, which can be 
considered to be the same as the frequency of the AC input 
signal, if synchronization is confirmed.' Accordingly, if 
the frequency value of the signal input to the second 
sine-wave signal generation circuit 9 has become a value 
deviated from the value set in the determination circuit 
10a of the frequency anomaly detection circuit 10, the 
determination circuit 10a determines that a' frequency 
anomaly has occurred in the input signal. Thus, a switch 
of the signal switching circuit 12 is switched from a 
"normal position" to an "anomalous position" according to 
a signal from the determination circuit 10a. After the 
switching has been performed, the frequency of the AC 
output signal therefore becomes close to the reference 
frequency f 0. If this circuit is provided and a frequency 
anomaly has occurred in the AC input signal, 
synchronization will not be performed. Thus, the AC 
output signal can be output without being affected by the 
frequency anomaly of the AC input signal. 

Fig. 5 shows a frequency anomaly detection circuit 
14, which is another example of the circuit for detecting 
a frequency anomaly. The frequency anomaly detection 
circuit 14 in this example includes an input frequency 
detection circuit 14a. The input frequency detection 
circuit 14a receives the first sine-wave signal and a first 
cosine-wave signal output from the first sine-wave and 
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cosine-wave signal generation circuit 2' fabricated by 
modifying the first sine-wave signal generation circuit 
2 so as to allow output of sine-wave and cosine-wave 
signals. The input frequency detection circuit input 
frequency detection circuit 14a detects an input frequency 
f fg) using Formula (1) given below: 

/ -/, = (fi>,./J/2;r/, 

ssin(tt>,{/„-/„.,))/2;rr, 

= {sin(6>,rJcos(a);r,.,)-cos(cy,rJ.sin(fi>,r,,.,)^ 

= (5«s.n5.-lcos - 5«cos5«.isi„ )/2;r /, ( 1 ) 

The sine-wave signal [B^g^n = sin (cOgt)] and the 
cosine-wave signal [B„cos = cos (cOgt)] are output from the 
first sine-wave and cosine-wave signal generation circuit 
2'. In this formula, n indicates an nth sampled value, 
while n-1 indicates an (n-l)th sampled value, t^ 
indicates an nth sampling time, while t„.i indicates an 
(n-l)th sampling time. An angular frequency cOg indicates 
2jtf3, in which f^ indicates the frequency of each of the 
first sine-wave signal and the first cosine-wave signal 
output from the first sine-wave and cosine-wave signal 
generation circuit 2'. t^ indicates a sampling period. 
It is assumed that the input signal to the first sine- 
wave and cosine-wave signal generation circuit is 
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synchronized with the output signal of the first sine- 
wave and cosine-wave signal generation circuit at high 
speed, and the Input frequency f Is substantially the same 
as fg. The above Formula (1) shows that the Input frequency 
f fg) can be computed from the sampled values of the 
signals output from the first sine-wave and cosine-wave 
signal generation circuit 2 ' . In the frequency anomaly 
detection circuit In Fig. 5, the Input frequency f^ 
determined from the above Formula (1) Is compared with a 
predetermined reference value for frequency detection by 
the determination circuit 14b. If the Input frequency f^ 
deviates from the predetermined reference value for 
frequency anomaly detection. It is determined that a 
frequency anomaly has occurred. Then, the switch of the 
signal switching circuit 12 is switched from the normal 
position to the anomalous position according to the output 
of the determination circuit 14b, which is the same as in 
the frequency anomaly detection circuit 10 in Fig. 4, 
described before. The predetermined reference value for 
frequency anomaly detection can be set to the value of the 
reference frequency fO (50 Hz or 60 Hz) ±5%, for example. 
The predetermined reference value for frequency anomaly 
detection, however, can be set arbitrarily. The 
frequency detection device as shown in Fig. 5 can 
instantaneously detect the frequency of a signal without 
being affected by noise and harmonics. 

Next, a periodic signal controller according to a 
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second embodiment of the present Invention will be 
described with reference to Fig. 6. In Fig, 6, same 
reference alphanumeric characters are assigned to blocks 
that perform the same function as the blocks employed in 
the first embodiment shown in Fig. 1, and their 
descriptions will be omitted. To the blocks that perform 
a similar function to the blocks employed in the first 
embodiment, same reference alphanumeric characters each 
with an apostrophe are assigned. An AC input signal in 
this embodiment shown in Fig. 6 is of three phases. The 
periodic signal controller in this embodiment includes a 
three-to-two phase transformation circuit 15 for 
converting three-phase AC input signals to two-phase 
signals, a first phase difference detection circuit 1', 
a first sine-wave and cosine-wave signal generation 
circuit 2', a second phase difference detection 3', a 
frequency difference detection circuit 4', the adder 
circuit 5, the frequency variation rate limiter circuit 
8, and a second sine-wave and cosine-wave signal 
generation circuit 9'. 

First, the three-to-two phase transformation circuit 
15 performs three-to-phase transformation on the 
three-phase AC input signals based on Formula (2) given 
below : 
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^,cos(<o/+ji) 



-JlVssinicjt-ln/S) 
yf2Vj.sinim-4n/3) 



(2) 



where v^, Vg, and are three phase AC input signals, 
and Vr Indicates an effective value of an R phase voltage, 
Vg Indicates an effective value of an S phase voltage, and 
Indicates an effective value of a T phase voltage. 
A first sine-wave signal [ B^sin^sln ( cOgt ) ] and a first 
cosine-wave signal [ B„cos=cos (cOgt ) ] are output from the 
first sine-wave and cosine-wave signal generation circuit 
2'. As in Formula (1), the angular frequency (o^ of each 
of these signals is 2jtf8, in which fg is the frequency of 
each of the first sine-wave signal and the first 
cosine-wave signal output from the first sine-wave and 
cosine-wave signal generation circuit 2'. A phase 
difference between the signal output from the first 
sine-wave and cosine-wave signal generation circuit and 
the signal that has been subject to the three-to-two phase 
transformation is <|). Considering the signals output from 
the first sine-wave and cosine-wave signal generation 
circuit 2' as reference signals. Formula (3) given below 
holds for the three-to-two phase transformed signals and 
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the signals output from the first sine-wave and 
cosine-wave signal generation circuit 2'. 

j. ^sin((fi>-fi)J/ + ^) = A2 sin(fi>r + ^)-cos(^2),/)--^ cos(d>r+^)sm(fi?,0 

If amplitudes and A2 are substantially equal to A, 
and the angular frequency to of the AC input signal is 
substantially equal to the angular frequency cOg of each 
of the outputs of the first sine-wave and cosine-wave 
signal generation circuit 2', Formula (3) can be 
approximated to Formula (4) given below when the phase 
difference ^ is close to zero. 

#^ = (4.sin5«cos-4.cos^„sJ/^ 

The above Formula ( 4 shows the phase difference 
between the AC input signal and the signal output from the 
first sine-wave and cosine-wave signal generation circuit 
2' , namely, shows the output of the first phase difference 
detection circuit 1'. Formula (4) shows that the phase 
difference can be determined from instantaneous values of 
the AC input signals and the output signals of the first 
sine-wave and cosine-wave signal generation circuit 2'. 
If the amplitudes , A^ and Aj are different , or three phases 
are in an unbalanced state, an amplitude component having 
a difference between A^ and A^ with a frequency component 
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of twice the angular frequency co will appear in the phase 
difference (|). In this case, this phase difference ^ may 
be used so that it does not affect synchronization or may 
be used after the frequency component of twice the angular 
frequency co has been removed by a low-pass filter. 

The first sine-wave and cosine-wave signal 
generation circuit 2' outputs the first sine-wave signal 
and the first cosine-wave signal according to the phase 
difference detection signal indicating the phase 
difference <|) as the first command signal. In the first 
sine-wave and cosine-wave signal generation circuit 2', 
the phase difference detection signal indicating the phase 
difference (|> is added to the signal indicating the 
reference frequency fO by an adder 2 'a to determine an 
instantaneous frequency signal. Sine and cosine waves 
can be output from the instantaneous frequency signal, by 
using a voltage controlled oscillator (VCO) , for example. 
This processing can also be performed digitally, as shown 
in Fig. 6. In this embodiment, sine-wave data and 
cosine-wave data are stored in a table 2'c in the form of 
table values, and the table 2'c outputs the sine-wave and 
cosine-wave signals by referring to the output of a counter 
2'b. The instantaneous frequency signal output from the 
adder 2 'a is input to the counter 2'b, so that the counter 
2'b performs counting up. This counting operation 
constitutes integration that integrates the instantaneous 
frequency signal into a value indicating the phase of the 
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Instantaneous frequency signal. Then, the table 2'c 
refers to the table values Indicated by the phase value, 
thereby outputting the sine-wave and cosine-wave signals. 

Next, a phase difference ^2 between the first 
sine-wave signal B^^^^ output from the first sine-wave and 
cosine-wave signal generation circuit 2 ' and a second 
sine-wave signal [C„si„=sin (tOot)] output from the second 
sine-wave and cosine-wave signal generation circuit 9' or 
the phase difference ^2 between the first cosine-wave 
signal B^cos and a second cosine-wave signal [C„cos=cos (cOot ) ] 
is determined by the second phase difference detection 
circuit 3'. In the second phase difference detection 
circuit 3' , the phase difference ^2 is determined in a same 
manner as in a case where the above Formula (3) and Formula 
(4) were employed. Since the amplitudes of the signals 
output from the first sine-wave and cosine-wave signal 
generation circuit 2' and the second sine-wave and 
cosine-wave signal generation circuit 9' are one, the 

phase difference <t)2 is obtained from Formula (5) given 
below; 

A following Formula (6) can also be derived from the 
output signals of the first sine-wave and cosine-wave 
signal generation circuit 2' and the second sine-wave and 
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cosine-wave signal generation circuit 9': 

D =cos((6> -<2>)/ + ^0 = 5 C +5 C (6) 

where if n in D„si„ indicates the nth sampled value and 
n-1 indicates the (n-l)th sampled value, the following 
Formula (7) can be derived from Formula (5) and Formula 
(6) : 



= sin( A<2> -H^2 ) • cos( A^ + ^2 ) ~ cos(A6; ^„ + ^2 ) * sin( Afi> + ) 

"~ sin ^w-l cos cos ^n-X sin ( ^ ) 



In the above Formula (7), Aco indicates the frequency 
difference (=cOg-(Oo) , while tg indicates the sampling period 
of time. Formula (7) shows that the frequency difference 
Aco (=2jtAf ) can be determined from the instantaneous values 
of the signals output from the first sine-wave and 
cosine-wave signal generation circuit 2' and the second 
sine-wave and cosine-wave signal generation circuit 9'. 

In the periodic signal controller in the second 
embodiment shown in Fig. 6, the second phase difference 
detection circuit 3' computes the phase difference <|)2 
according to Formula (5), and the frequency difference 
detection circuit 4 ' computes the frequency difference Af 
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(=Aco/2jt) according to Formula (7). The phase difference 
detection signal indicating the phase difference <|)2 is 
added to the frequency difference detection signal 
indicating the frequency difference Af by the adder 
circuit 5 and input to the integrator 7 via the limiter 
6. As in the first embodiment, the limiter 6 limits the 
frequency variation rate of the second sine-wave signal 
or the AC output signal. The sum of the output of the 
integrator 7 and the reference frequency f 0 indicates the 
instantaneous frequency of each of the signals output from 
the second sine-wave and cosine-wave signal generation 
circuit 9'. As in the first sine-wave and cosine-wave 
signal generation circuit 2', the second sine-wave and 
cosine-wave signal generation circuit 9' is constituted 
by an adder 9 'a, a counter 9'b, and a table 9'c. A second 
cosine-wave and three-phase AC signals of V^, V^, and V„ 
are output from the table 9'c according to the signal from 
the counter 9'b. The AC signal Vu serves as a second 
sine-wave . 

If voltage variation of and voltage unbalance in AC 
input voltages are not present, the outputs obtained from 
the three-to-two phase transformation shown in the above 
Formula (2) may be input to the second phase difference 
detection circuit 3' and the frequency difference 
detection circuit 4', thereby outputting the signals 
synchronized with the AC input signals. 

Fig. 7 is a block diagram showing a structure of a 
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periodic signal controller according to a third embodiment 
of the present invention . In this embodiment , the AC input 
signal is of a single phase. In this embodiment, the first 
phase difference detection circuit 1 ' and the three-to-two 
phase transformation circuit 15 shown in Fig. 6 are 
replaced with the first phase difference detection circuit 
1''. The periodic signal controller in the third 
embodiment includes the first sine-wave and cosine-wave 
signal generation circuit 2 ' , first phase difference 
detection circuit 1", second sine-wave and cosine-wave 
signal generation circuit 9 ' , frequency difference 
detection circuit 4', second phase difference detection 
circuit 3' , adder circuit 5, and frequency variation rate 
limiter circuit 8. The first sine-wave and cosine-wave 
signal generation circuit 2' outputs the first sine-wave 
signal and the first cosine-wave signal with their 
respective frequencies varied according to the first 
command signal. The first phase difference detection 
'circuit 1' ' includes a multiplier 1' 'a for multiplying the 
AC input signal by the first cosine-wave signal B„cos output 
from the first sine-wave and cosine-wave signal generation 
circuit 2', and a low-pass filter l''b for removing the 
frequency component having twice the angular frequency of 
the AC input signal from the output of the multiplier 1 ' 'a. 
The first phase difference detection circuit 1 detects the 
phase difference <|) between the AC input signal and the first 
sine-wave signal, and outputs the first command signal 
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indicating the phase difference. The second sine-wave 
and cosine-wave signal generation circuit 9 ' generates the 
second sine-wave signal and the second cosine-wave signal 
with their respective frequencies varied according to the 
second command signal, and outputs the second sine-wave 
signal as a single-phase AC input signal. The frequency 
difference detection circuit 4 ' computes the frequency 
difference between the AC input signal and the AC output 
signal according to the above Formula (7) using 
instantaneous values of the first sine-wave signal and the 
first cosine-wave signal output from the first sine-wave 
and cosine-wave signal generation circuit 2' and the 
second sine-wave signal and the second cosine-wave signal 
output from the second sine-wave and cosine-wave signal 
generation circuit 9 ' . The second phase difference 
detection circuit 3' determines the phase difference 
between the first sine-wave signal output from the first 
sine-wave and cosine-wave signal generation circuit 2 ' and 
the second sine-wave signal, based on the above Formula 
(5). The circuits disposed on the output side from the 
adder circuit 5 are constructed substantially the same as 
the circuits in the second embodiment. Namely, the 
frequency variation rate limiter circuit 8 receives the 
phase difference detection signal output from the second 
phase difference detection circuit 3' and the frequency 
difference detection signal output from the frequency 
difference detection circuit 4' to limit the frequency 
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variation rate of the second sine-wave signal to a fixed 
value or less, and also outputs to the second sine-wave 
and cosine-wave signal generation circuit 9' the second 
command signal for synchronizing the second sine-wave 
signal to the AC input signal. The first phase difference 
detection circuit 1 and the first sine-wave and 
cosine-wave signal generation circuit 2' constitute the 
phase-locked loop for processing instantaneous values. 

In this embodiment, multiplication of the AC input 
signal by the first cosine wave signal output from the 
first sine-wave and cosine-wave signal generation circuit 
2' is expressed by Formula (8) given below: 

= Y {sin((fi> - ) / + ^) + sin((^ + ^ J ^ + 

= Y {sin(^) + sindo) + J / + (Z>)} (8) 

The value of multiplication of the AC input signal 
by the cosine-wave signal from the first sine-wave and 
cosine-wave signal generation circuit 2' is passed through 
the low-pass filter 1' 'b, thereby removing the frequency, 
component having twice the angular frequency co. Then, 
Formula (8) is rewritten as Formula (9) given as follows: 



36 



^ = sin(^) 
= {sin(^) + sin((a) + 0}Jt + ^)} 

= (4sin^«cos)><2/^ (9) 

By using the low-pass filter, terms of sin {(co + co3)t 
+ <})) in Formulas ( 8 ) and ( 9 ) are eliminated . When the phase 
difference <|) is close to zero, (|) sin (<|)) holds. Thus, 
as shown in Formula (9), <|> - (A^^^^B^^^^) x 2 /A holds. 

The output of the low-pass filter lb indicates the 
phase difference <|), and is input to the first sine-wave 
and cosine-wave signal generation circuit 2' as the first 
command signal. Operations of other circuits are as 
described above. 

Needless to say, the frequency anomaly detection 
circuit shown in Figs. 4 or 5 can be combined with the 
periodic signal controller in the second or third 
embodiment shown in Figs . 6 and 7 . 

Further, the present invention is not limited to these 
embodiments, but various variations and modifications may 
be made without departing from the scope of the present 
invention . 
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